The relationship between climate change and violent behavior has been well documented in previous studies. Violence has two dimensions: outward violence (i.e., crime) and inward violence (i.e., suicide).
Introduction
Climate change is a serious global problem, and although a number of environmental conservation efforts have been implemented (Takahashi and Todo 2012 , Takahashi and Todo 2013 , Takahashi and Todo 2014 , Otsuka et al. 2015 , Takahashi 2016 , many studies have shown that the problem has continued to progress (Bellard et al. 2012 , Hansen et al. 2012 , Rogelj et al. 2013 , Kirchner et al. 2016 The relationship between high temperatures and aggressive behavior has been investigated for more than three decades. For example, Kenrick and MacFarlane (1986) conducted an experiment in Arizona, USA, and found that people become more aggressive with regard to car horn honking in a high-temperature environment. Reifman et al. (1991) used interesting datasets, such as the archival data of major league baseball games, to examine the heat-aggression relationship, and their results showed a positive relationship between temperature and the number of injured batters per game. They concluded that higher temperatures led pitchers to become more aggressive in their pitching to batters. Vrij et al. (1994) conducted an experiment in Holland and found that Dutch police officers in high temperature conditions became more aggressive and shot people more often during shooting exercises.
Studies have also focused on how high temperatures influence actual violence, such as crimes and conflicts (DeFronzo 1984 , Anderson 1987 , Anderson et al. 2000 , Anderson 2001 ). Ranson (2014) used monthly panel data collected over 30 years to examine the relationship between temperature and criminal behavior in the United States, and the results indicated that climate change will likely cause additional criminal cases, such as murder, rape, assault, robbery, burglary, larceny, and vehicle theft.
Other studies conducted in the United States also confirmed that annual temperatures are positively associated with violent crimes (Rotton and Cohn 2003, Jacob et al. 2007) . Moreover, Burke et al. (2009) focused on the incidence of internal armed conflict in Africa and estimated that rising temperatures caused by climate change led to a 54 percent increase in the incidence of conflict and caused nearly 400,000 battle deaths. The linkage between civil war and temperature was also shown in a study by Hsiang et al. (2013) .
Although the above studies focused on the relationship between heat and outward acts of violence, violence has an additional dimension: inward violence, such as suicide (Zhang et al. 2011) . Several studies have been conducted to examine the effect of climate on suicide. Preti (1998) investigated the influence of climate on suicidal behavior in 17 cities in Italy and found that certain climate factors, such as humidity, precipitation, and sunlight exposure, had a significant impact on suicide rates. Lee et al. (2006) found that ambient temperature is positively associated with suicide rates in Taiwan, and Ruuhela et al. (2009) analyzed data from 1971 to 2003 and found that the average temperature is a factor that triggers suicidal behavior in Finland. These studies used simple regression procedures to examine the relationship between climate and suicide. However, the results of such simple regression analyses are likely biased by unobserved factors (Imbens and Wooldridge 2009) . Hence, rigorous empirical research is needed.
Another shortcoming of the available literature is that most previous studies primarily focused on one dimension of violence (i.e., crime or suicide), whereas less attention has been devoted to investigating how climate factors affect both outward and inward violence.
Therefore, this study aims to investigate the effects of climate factors, particularly the average temperature, on crime and suicide cases. Based on the estimation results, the study will further discuss how climate change will affect the number of crimes and suicide deaths in 2100 using climate change scenarios established by the IPCC, with Japan selected as the case study. One advantage of selecting Japan is data availability because monthly climate, crime, and suicide data are available at the subnational jurisdiction level, or prefecture level. This study covers the period from 2009 to 2015, and the estimation assesses variations over time and across the 47 prefectures of Japan.
This study makes three main contributions. First, empirical studies that concurrently examine how climate factors affect two types of violence are not available. Using extensive data from Japan, this study provides rigorous empirical evidence regarding the linkage between climate and violent crime and suicide.
Second, this study provides empirical insights into whether low-crime secure regions will be influenced by climate change. Many studies have shown that the crime rate in Japan is fairly low compared to those in other countries (Leonardsen 2004 , Vazsonyi et al. 2004 ). According to Komiya WIAS Discussion Paper No.2016-005 4 (1999), the Japanese social structure leads to low crime rates. However, it is not clear whether climate factors affect violent acts, even under Japan's social norms. As mentioned, Ranson (2014) conducted a detailed analysis in the United States, which is characterized as a country with high crime rates. Thus, the analysis performed here can provide new insights into the relationship between climate and violent behavior in the low-crime country of Japan.
Third, the findings of this study may have important policymaking implications. Since the late 1990s, the number of suicides has drastically increased in Japan, and more than 30,000 people have died from suicide each year (Chen et al. 2012) . Based on data published by the Japanese Ministry of Health, Labour and Welfare, suicide ranked eighth among the cause-of-death categories in 2014. Death statistics based on age group show that suicide was the number one cause of death for seven groups of males aged 10−44 and four groups of females aged 15−34. Because suicide is a critical issue in Japan, many scholars have focused on the determinants of suicidal behavior (Aihara and Iki 2003 , Chen et al. 2009 , and the Japanese legislature has enacted policies to tackle this issue ("Basic Law of Suicide Prevention"). However, none of these studies or policies has focused on climate change with regard to preventing aggressive suicide acts in Japan. This study has the potential to provide useful information regarding the linkage between climate and suicidal behavior, which will potentially help reduce suicide cases.
Methodology and data

Data
In this study, a seven-year monthly panel dataset on the 47 prefectures of Japan from January 2009 to September 2015 was established. The total number of observations was 3,807 prefecture months. The average size of the 47 prefectures was 8,042 km 2 ( Following Ranson (2014) , this study focuses on nine major crimes: murder, assault, arson, rape, sexual assault, abduction, robbery, burglary, and vehicle theft. The suicide statistics were obtained from the Cabinet Office, Government of Japan. To estimate the crime and suicide cases per 100,000 persons, population statistics from the Statistics Bureau were used. However, because monthly prefectural population data were not available, the population in October for each prefecture was used to estimate the crime and suicide cases per 100,000 persons for each year.
The summary statistics are presented in Ranson (2014) , the crime cases per 100,000 in Japan are low, which indicates that Japan is a low-crime country as expected.
In the case of the average monthly suicide case, the total average suicide case, including males and females, is 1.9 cases per 100,000 persons. However, the suicide cases between males and females are quite different. The average male suicide case is approximately 2.8 cases per 100,000 persons, while the female suicide case is 1.1 events, which is less than half of the male case. Figure 1 shows the change in violent crime and suicide cases per 100,000 persons between January 2009 and September 2015 in Japan. In this study, violent crimes are defined as murder, assault, arson, rape, and sexual assault. The black dashed line in Figure 1 indicates the violent crime case per 100,000 persons, whereas the suicide case is illustrated as a gray line. The horizontal axis in Figure 1 indicates the four seasons in each Japanese year: the spring season from March to May, summer season from June to August, autumn season from September to November, and winter season from December to February.
The figure shows that the violent crime case exhibits strong seasonality. During the spring period, the violent crime case drastically increases and reaches a peak in summer. In winter, the crime case rapidly drops. For suicide cases, although the degree of seasonal variation is modest, an increase in the suicide case in spring is observed. WIAS Discussion Paper No.2016-005 6 A sharp increase in the suicide case occurred at the end of spring 2011, which was likely because of the great east Japan earthquake that occurred on March 11, 2011. An unprecedented magnitude 9.0 earthquake hit northeastern Japan in an area called the Tohoku region. Because devastating natural disasters are known to cause psychological distress, including posttraumatic stress disorder (PTSD), depression, and suicidality (Wu et al. 2006 , Suzuki et al. 2011 , the suicide case during this period may have increased.
Map (a) in Figure 2 shows the average annual temperature at the prefecture level. The average temperature is lower in northern Japan, and the temperature increases from the average of 12.5 degrees Celsius in the north to 17.5 degrees Celsius in the southern region. Maps (b) and (c) show the average annual cases of violent crime and theft per 100,000 persons, respectively, with theft including robbery and burglary. As the figure shows, the annual violent crime case is relatively high in the middle-west part of Japan (i.e., Osaka Prefecture), whereas thefts are more common in the central and east-central regions. Moreover, the average annual suicide case per 100,000 persons shown in map (d) indicates that suicide cases are relatively high in the northern and east-central parts of Japan. These four maps clearly show that an obvious cross-sectional relationship does not exist between temperature and any type of violent behavior.
Hypothesis and methods
The previous studies repeatedly found that individuals are more likely to exhibit violent behavior toward others if ambient temperatures are high. Since violence has two dimensions, this study primarily focuses on the relationship between the temperature and violence. Specifically, we hypothesize that high temperatures induce an increase in both crime and suicide cases in Japan. To test the above hypothesis and examine the association between climate and violent acts, we use a prefecture fixed-effect model ii . Our model can be defined as follows:
where denotes the crime or suicide case per 100,000 persons in prefecture i in month m during year t, represents a vector of climate characteristics for prefecture i in month m during year t, and represents prefecture-specific fixed effects. In this study, the average temperature and average total precipitation are included as climate characteristics. Equation 1 also contains a full set of year dummies, , as well as a full set of month dummies, . Additionally, is an error term.
The prefecture-specific fixed effects capture the effects of time-invariant unobserved factors that could be related to crime and suicide cases, and these factors include the culture and norms of each prefecture and stable socioeconomic conditions. Additionally, although the prefectural area differs among prefectures (Table 1) , any impact associated with prefecture size is accounted for by the inclusion of prefecture-specific fixed effects.
The year dummies capture the effects of economic fluctuations and any other major events in Japan in a particular year. Note that the significant impact caused by the great east Japan earthquake in 2011 is accounted for by the inclusion of year dummies. Month dummies are also included in Equation 1 to control the seasonal patterns observed in Figure 1 .
Results
Empirical results
The regression results from estimating Equation 1 are presented in Table 2 . Despite controlling for the effects of the prefecture, year, and month, we found that the average temperature had a significantly positive effect on many types of crime, such as murder, assault, sexual assault, robbery, burglary, and vehicle theft. The coefficients between average temperature and crime cases vary depending on the type of crime, e.g., the effects on assault and burglary are higher than those associated with other crimes. However, it does not mean that these two crimes are more sensitive to temperature than are other crimes. These coefficients are higher simply because the crime cases of assault and burglary are higher than other crime cases, as shown in Table 1 . Overall, these results clearly indicate that high temperatures stimulate aggressive behavior in Japan, which is consistent with the findings of previous studies from the United States (Rotton and Cohn 2003 , Jacob et al. 2007 , Ranson 2014 iii .
By contrast, the average total precipitation negatively affected the assault and burglary cases, which is consistent with the findings of Jacob et al. (2007) in the United States. One possible explanation is that the likelihood of individuals staying home on rainy days may be higher than that on sunny days, thereby reducing the possibility of assault and break-in crimes. A similar explanation was given by Rotton and Cohn (2003) .
Next, to identify the linkage between climate and suicide, we conduct the same analysis using the suicide case per 100,000 persons as the outcome variable, and the results are reported in Table 3 . The estimation results using the total suicide case in column 1 indicate that the number of suicides tends to increase with average temperature, which is consistent with the results of previous studies (Lee et al. 2006 , Page et al. 2007 , Likhvar et al. 2011 . This result provides important and interesting insights. As Figure 2 clearly illustrates, the mean annual suicide cases are relatively high in the northeastern regions (Tohoku region) where the average temperature is relatively low compare to those in other regions. These results indicate that the high suicide cases in Tohoku region are due to non-climate factors, such as economic conditions, and, in general, an increase in the average temperature affects the suicide behaviors of the residents in the Tohoku region.
The results of male and female suicide cases per 100,000 persons are presented in columns 2 and 3, respectively. The linkage between ambient temperatures and suicide cases is observed in both male and female suicide cases, while its magnitude is larger for male suicide cases. Although these results are consistent with the findings of Lee et al. (2006) , the reasons why high temperatures induce more male suicides than female suicides are not clear. Therefore, further study is needed to investigate how high temperatures specifically increase male suicide cases.
Even after controlling for prefecture-specific effects as well as year and month effects, we still found that the crime and suicide cases in Japan were strongly influenced by many climate factors. In particular, our estimation results indicated that the average temperature is a major driver of many types of criminal activities and suicidal acts iv .
Climate change scenario in 2100 and violent incidents in Japan
The results of this study raise an important question as to how crime and suicide cases per 100,000 persons in Japan will be affected under different climate change scenarios. To answer this The mean annual number of crimes and suicides in Japan is listed in column 1 of Table 4, whereas the predicted impacts, such as the additional number of crime and suicide cases under the RCP2.6 and RCP8.5 scenarios, are presented in columns 2 and 3, respectively. Between 2009 and 2014, more than 1,000 cases of murder were observed annually in Japan. Based on the estimation results in Table 2 , a rise in temperature of one degree Celsius increased the murder case per 100,000 persons of the country by 0.001. Because Japan has a population of approximately 127 million, an increase of 0.001 in the murder case per 100,000 persons translates to 15 people per year. If the assumption of the RCP2.6 scenario is true, our results suggest that the annual average number of murder victims in 2100 will increase by 17 compared to the average between 2009 and 2014 in Japan.
In the worst-case scenario (RCP8.5), 67 additional murder cases will occur due to climate change in 2100. Although this may seem like a small difference, these results represent a 2−7 percent increase in murder compared to the baseline number of murder cases.
Moreover, in 2100, there will be an additional 252−1,006 assaults, 117−469 sexual assaults, 17−67 robberies, 1,324−5,297 burglaries, and 101−402 vehicle theft cases because of climate change.
Compared to the average number of crimes between 2009 and 2014, these results indicate a 1−4 percent increase in assault, a 2−7 percent increase in sexual assault, a 1−2 percent increase in robbery, a 1−4 percent increase in burglary, and a 1−2 percent increase in cases of vehicle theft.
Although it is difficult to compare these results to the predictions presented in previous studies, our estimation results show that the number of suicide deaths also increased due to climate change.
Although approximately 28 thousand suicide deaths occurred on average each year between 2009 and 2014, the annual number of suicides will increase by 369−1,475 in 2100, representing a 1−5 percent increase.
Conclusions and Discussion
This study provided systematic evidence of the relationship between climate factors and violent activities, such as crime and suicide, in Japan by using extensive climate, crime, and suicide data from 2009 to 2015. Even after controlling for prefecture, year, and month effects, we found that many climate factors affected the crime and suicide cases per 100,000 persons in Japan. In particular, people became more aggressive and committed suicide at a greater frequency when the average temperature increased. However, as Hsiang et al. (2013) indicated, the physiological mechanism linking temperature to aggressive behavior remains unknown, and, thus, further physiological or psychological investigations are needed.
Furthermore, we predicted how changes in the Japanese climate will affect future patterns of criminal and suicidal behavior based on two IPCC climate change scenarios: RCP2.6 and RCP8.5. The predicted results suggest that climate change will have substantial effects on the prevalence of crime and suicide in Japan.
These findings have important policymaking implications. Suicide is a serious social issue in present-day Japan, and many policies have been implemented to reduce suicide cases. For example, the "Basic Law of Suicide Prevention" was enacted in 2006, and the Cabinet Office of Japan outlined comprehensive guidelines for suicide prevention in 2007. Additionally, major railway operators in Japan installed blue light-emitting-diode (LED) lamps on railway platforms and at railway crossings as a method of preventing suicides, and these measures had a significant impact on decreasing the number of suicides .
Moreover, although Japan still has a low crime case per 100,000 (Halicioglu et al. 2012) , the Japanese public has lost confidence in their country's safety and is increasingly fearful of crime (Hamai and Ellis 2006) . To sustain the low crime rate in Japan, the "Ministerial Meeting for
Anti-Crime Measures" has been held twice each year since 2003. In addition, a number of academic discussions regarding approaches to crime prevention have taken place. For example, scholars have suggested utilizing the local community to prevent and mitigate crime and the fear of crime (Hino and Schneider 2013) , whereas others point to the possibility of preventing crime using a web-based system for gathering and sharing crime information (Goto et al. 2006) .
Although these policies and discussions are essential to preventing crime and suicide, they do not consider the effects of climate on crime and suicide cases. What we found in this study is that mitigating global climate change can improve crime and suicide prevention efforts. Hence, to reduce the risks of criminal and suicidal acts in Japan, it is important to strengthen the relationships between various institutions, such as the Cabinet Office of Japan, the Metropolitan Police Department, and the Ministry of Environment, to address climate change. Note: Standard errors are given in parentheses; *, **, and *** indicate statistical significance at the 10, 5, and 1 percent levels, respectively. i We collected average atmospheric pressure data in hectopascals and average humidity from the Japan Meteorological Agency. However, they are not included in the regression model to avoid the correlation between average temperature and average total precipitation.
ii Although we used a non-linear estimation model to examine the relationship between climate and violent behavior, we found that the results of the non-linear model were virtually the same as the linear estimation results.
iii Although the results show that crime cases per 100,000 persons will increase due to the increase in the average temperature, it is difficult to conclude whether these increases are large compared to the predictions given in previous studies because each study uses different crime and climate data. For example, Jacob et al. (2007) computed crime rates by dividing the actual number of crimes during a week by the average number of weekly crimes within the jurisdiction; thus, their rates were different from the crime rates used in this study. In addition, Ranson (2014) used the maximum daily temperature for predictions rather than the average temperature. iv As a robustness check, we created a regression model of the interaction terms between the average temperature and seasonal dummies. However, in most cases, the interaction terms are insignificant, while the average temperature results are virtually the same. These results indicate that the average temperature affects the crime and suicide cases in general.
